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ABOUT THIS REPORT
Climate change is affecting agriculture more 
than any other sector. Increased frequency 
and severity of drought, flood, heat, and 
unseasonable rainfall heavily impact rainfed 
agriculture, ultimately resulting in production 
losses. In that context, The Alliance of Bioversity 
International and the International Center for 
Tropical Agriculture (CIAT) through its climate 
action lever, are developing climate risk profiles 
for agricultural value chains in developing 
countries at the national and subnational level. 
These profiles build on past work conducted 
by CIAT and the CGIAR Research Program on 
Climate Change, Agriculture and Food Security 
(CCAFS)in collaboration with the World Bank and 
other partners, including FAO, USAID, DFID1.
The present report aims to provide a climate 
and vulnerability analysis of the Green 
Innovation Centres (GIC) target commodity 
value chains. Herein we identify climate 
change- related vulnerabilities, hazards, and 
opportunities for adaptation to the same. 
Ultimately, our goal is to foster awareness of 
risks and adaptation priorities in the selected 
value chains and inform climate investments 
and planning through the recommendations on 
priority innovations to manage climate risks.
1 https://ccafs.cgiar.org/publications/csa-country-profiles
The report begins with an extensive 
literature reviews of the selected value 
chains and their key challenges and 
adaptation strategies. Climate hazards and 
crop suitability modelling offer insights into 
potential future scenarios under climate change. 
These results inform potential adaptation 
approaches, which are prioritized by in-country 
experts and stakeholders through an online 
survey. The top-rated adaptation priorities 
undergo a cost-benefit analysis. Finally, the 
results are peer-reviewed by the GIC country 
office and the Alliance scientific staff.  
Highlights
» Approximately 80% of the Mozambican population lives in coastal or rural areas, 
and relies heavily on natural resources, rain-fed agriculture, and minerals as key 
sources of livelihoods. (Chapter 2, pg.10)
» Non-climatic challenges for the agricultural sector involve deficient infrastructure; 
land tenure insecurity; and limited access to information, training, and financial 
services. (Chapter 2, pg.18)
» Programs and projects from international organizations such as GIZ, Solidaridad, 
and the Learning and Practice Alliance (LPA) are promoting Climate-Smart 
Agriculture (CSA) best practices to improve the livelihoods of farmers. 
 (Chapter 4, pg.21)
» Key climate hazards affecting the study area are drought, floods, heat stress, and 
variable precipitation. (Chapter 5, pg.22)
» Floods and droughts affect mainly the pigeon pea value chain, while changes in 
rain patterns and heat stress have a significant impact on the baobab fruit value 
chain. (Chapter 5, pg.27-28)
» Conclusively the adaptation potential for the selected value chains is promising. 
Key interventions to improve climate adaptation include CSA technical assistance, 
access to reliable information, and improved access to inputs and financial 
services. (Chapter 6, pg.29)
The Green Innovation Centres for the 
Agriculture and Food Sector (GIC) founded 
by German Federal Ministry for Economic 
Cooperation and Development (BMZ) and 
led by the German Agency for International 
Cooperation (GIZ) in collaboration with local 
ministries and programmes, aims to promote 
agricultural innovation under the ONEWORLD 
No Hunger initiative. Through the GIC, GIZ 
aims to generate employment raise farmers’ 
income, and improve farmers’ education and 
skills by funding training in good agricultural 
practices, water management, post-harvest 
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1. Introduction
The agricultural sector contributes 
significantly to Mozambique’s economy and 
employment. In 2019 it contributed to 25% of 
gross domestic product (GDP) and generated 
70% of employment in 2018 (World Bank, 2020a). 
The primary cash crops are tobacco, cotton, 
sesame, and sugarcane. The most important 
food crops are maize and cassava, grown by 80% 
of all smallholders in the country, and covering 
a third of the cultivated land. Mozambique 
is highly vulnerable to climate change and 
extreme weather events, primarily droughts and 
floods and increasingly cyclones. Agriculture is 
largely practiced in flood- and drought-prone 
areas. Climate change is a significant threat to 
livelihoods and food security, especially of rural 
populations. Programs and projects promoted 
by international organizations, as well as some 
government initiatives, aim to improve the 
knowledge base and adaptive capacity of the 
agricultural sector. 
Development agencies, the private sector, 
and the Mozambican government have 
formed collaborations to strengthen the 
agricultural sector. Key collaborations 
between the German Agency for International 
Cooperation (GIZ), the Ministry of Agriculture 
and Rural Development, the Ministry of Industry 
and Trade, and other two locally acting non-
governmental organizations (NGOs) (The 
vocational training centre Young Africa Agri-
Tech and Gorongosa National Park) have 
established the Green Innovation Centres for 
the agricultural sector under the “ONEWORLD 
No Hunger” initiative.2 Through the Green 
Innovation Centres, GIZ aims to establish 
innovations to enhance farmers’ incomes, create 
employment, and improve farmers’ technical 
and management skills, as well as develop 
awareness of  sustainable use of resources 
and soil protection . In Mozambique, the Green 
2 The Green Innovation Centers are also implemented in other countries targeting different value chains namely, Ethiopia, Zambia, 
Malawi, Cameroon, Togo, Nigeria, Ghana, Benin, Burkina Faso, Kenya, Mali, Tunisia, India, and Vietnam.
Innovation Centres are focusing on the pigeon 
pea and baobab fruit value chains. 
This document presents a climate and 
vulnerability analysis for the pigeon pea and 
baobab fruit value chains in the Sofala and 
Manica provinces (Figure 1). It aims to inform 
value chain stakeholders, policymakers, and the 
private sector on the climate change risks and 
opportunities in these value chains. It will also 
support the integration of climate change into 
the national development agenda. This climate 
risk profile is an output through a collaboration 
with the International Center for Tropical 
Agriculture (CIAT), now part of the Alliance 
of Biodiversity International and CIAT. We 
collected information through literature reviews, 
surveys, and interviews with experts from the 
two value chains. In addition, climate modeling 
and crop suitability analysis were carried out 
for innovations specific to the pigeon pea and 
baobab fruit value chains. 
This climate risk profile has six sections. The 
first describes the importance of agriculture to 
people’s livelihoods in the four departments. 
Section two highlights the policies, strategies, 
and programs implemented in the three value 
chains that address climate change, while the 
third section discusses the governance and 
institutional resources and capacity. The fourth 
section discusses the main climatic hazards 
affecting the three value chains and presents 
climate modeling results for projected climatic 
change-related hazards and crop suitability 
maps. Additionally, it offers an analysis of 
vulnerabilities and risks posed by these hazards 
to the respective value chains. The ongoing on-
farm adaptation strategies adopted by farmers 
to cope with these hazards are discussed in 
the fifth section. The sixth section provides a 
synthesis and recommendations.
Figure 1. Map of the selected 
regions in Mozambique
Mozambique is located in 
southern Africa, South of 
Tanzania, East of Malawi and 
Zambia, Northeast of Eswatini 
and North of South Africa. 
Manica and Sofala provinces 
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» The agricultural sector is essential to the Mozambican national economy and local 
livelihoods. 
» Mozambique is predominantly rural, and is characterized by high poverty rates, 
limited access to basic necessities, and a high prevalence of stunting in children 
under five years.
» Mozambican agriculture is predominantly rain-fed smallholder subsistence farming; 
many farmers face low access to inputs and credit.
» Pigeon peas are important for food security, nutrition, and income generation, 
but input use is sub-optimal, and the value chain is heavily influenced by foreign 
markets.
» Baobab fruit are nutrient-rich, and the trees provide additional sources of income 
in the form of non-timber forest products (NTFPs); most collectors of baobab fruit in 
Mozambique are women.
» Agricultural production is constrained by low access to technology and other 
resources; climate variability and limited irrigation make farmers even more 
vulnerable.
» The main challenges facing the baobab fruit value chain are deforestation and a 
lack of organization among women collectors. 
Key messages
2. Agricultural Context
2.1. Economic relevance of farming 
About 80% of the population is heavily 
dependent on agriculture as their primary 
source of livelihood (Ferrão et al., 2018). 
Mozambique’s economy is widely based 
on the primary sector, which is dominated 
by agriculture and the extractive industries 
producing gas and minerals (Ferrão et al., 
2018; World Bank, 2020b). In 2019, agriculture 
contributed 25% of gross domestic product 
(GDP) (World Bank, 2020a). Mozambique’s 
main crops are cassava, with 8.5 million tonnes 
produced in 2018; sugarcane, at 3.1 million 
tonnes; and maize at 1.7 million tonnes (FAO, 
2019). Sugarcane, tobacco, bananas, and 
cotton are primarily produced on large-scale 
plantations, yet the agricultural sector depends 
on small-scale subsistence farmers (Ferrão et 
al., 2018). This study will particularly analyse 
the agricultural sectors of Manica and Sofala 
provinces (Figure 2). 
The main economic activity in the region is 
agriculture. The most important crops in both 
provinces are maize and cassava. In 2010, 44% 
of agricultural producers in both provinces 
cultivated maize occupying 214,000 ha in Manica 
and 144,000 ha in Sofala (INE, 2011). For that 
same year, 11% of producers in both provinces 
cultivated cassava occupying 26,000 ha in Manica 
and 35,000 ha in Sofala (INE, 2011). Sesame is 
the most important cash-crop in the region. It 
occupied 13,000 ha in Manica and 27,000 ha in 
Sofala province in 2010 (INE, 2011). In Sofala, rice 
was cultivated by 18% of agricultural producers; 
sugarcane and cotton occupied 38,000 ha and 
62,500 ha respectively (INE, 2011). Livestock 
activities in both provinces mainly involve goat 
and chicken production. Aquaculture is also 
present in the study area, but only 0.2% of the 
farms practice it, mainly as a monoculture (INE, 
2011). Additionally, in Sofala, the port city of 
Beira plays a key role in the local economy. It is 
the provincial capital, the second largest city in 
Mozambique, and the busiest port in the country 
(GIZ, 2010). 
In 2018, agriculture provided 70% of 
employment in Mozambique; 80% of women 
and 60% of men were employed in this sector 
(World Bank, 2020a). The majority of farms 
use family labour over hired labour. In Manica 
and Sofala provinces, 21% and 14% of farms 
reported in the 2010 agricultural census hiring 
full-time labour, respectively (INE, 2011). In both 
provinces, more men were hired than women 
(67% of men vs. 33% of women), and most 
hired labour was used for agricultural activities 
rather than livestock (INE, 2011). Women are 
generally hired for agricultural activities and 
for sowing or harvesting activities, rather than 
stockbreeding where men are preferred, in both 
provinces (INE, 2011). Ploughing and weeding 
are the most labour-intensive activities (INE, 
2011). Subsistence agriculture is also important 
in the region, and it is traditionally a woman’s 
job. Men may clear the land and participate in 
harvesting, but women sow, plant, weed and 
irrigate. Women have limited access to land. 
In Sofala and Manica provinces, agricultural 
exploitations are headed by a woman in 28% 
and 25% respectively (the national average is 
29%) (Ministry of Agriculture and  Food  Security, 
2015). Only 20% of women have plots larger than 
2 ha, and they also face problems with access to 
3 These poverty rates follow the national methodology, which considers aggregate consumption levels, which is to say food consumption, 
durable goods, and services; the price index in the provinces, and basic needs met. The poverty line could be approximately US$1.49 as 
of 2014 (World Bank, 2016).
4 This involves drinking water from an improved source, provided collection time is not more than 30 minutes for a round trip. Improved 
water sources include piped water, boreholes or tube wells, protected dug wells, protected springs, and packaged or delivered water.
5 This indicator encompasses both people using basic sanitation services as well as those using safely managed sanitation services. 
Improved sanitation facilities include flush or pour flush to piped sewer systems, septic tanks, or pit latrines; ventilated, improved pit 
latrines; composting toilets; or pit latrines with slabs.
information and technology which can hinder 
their access to credit (IUCN & GGCA, 2014).
2.2. People and livelihoods
The population of Mozambique is 
predominantly rural, although the urban 
population has seen steady growth over the 
last decade. In 2019, the total population in 
Mozambique was 30,370,000 with 63% classified 
as rural and 37% as urban. Females outnumber 
males slightly, accounting for 51% and 49% of 
the population, respectively (World Bank, 2020a). 
The overall population growth rate has recently 
had an increasing tendency with a possible 
decline after 2018. In 2017, the population 
of Manica province was 6.5% of the country’s 
total, while in Sofala province it was 8.0%. In 
both provinces, women represent 52% of the 
population, and rural populations predominate, 
comprising 67% of the people in Manica and 59% 
in Sofala ((INE, 2019).
Mozambique faces several economic 
challenges. In 2014, 63% of the population 
lived with less than US$1.90 per day (2011 
PPP; World Bank, 2020a). The government 
reported a 48.4% poverty rate that same year, 
with unequal distribution across rural areas 
at 56% and urban areas at 32% (Ministry of 
Economy and Finance, 2016; World Bank, 
2016). In the provinces of Manica and Sofala, 
the reported poverty rates were 37% and 50%, 
respectively (World Bank, 2016).3
  
The residents of Manica and Sofala had less 
access to basic services than the nation on 
average. In 2017, 29% percent of the population 
of Mozambique had access to electricity. 56% 
used basic drinking water.4 29% had basic 
sanitation services.5 Just 10% had access to the 
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internet (World Bank, 2020a). Basic drinking 
water was available to only 40% of the rural 
population (World Bank, 2020a). In Manica 
in 2017, 22% of households had access to 
electricity, 4% had a computer, and 2% had 
access to the internet and 21% of households 
had access to running water (INE, 2019). In 
rural areas of Manica just 5% of households 
had electricity (INE, 2019) and 4% had access 
to running water; among them (households 
in rural areas with running water), 24% had 
running water inside their home, 55% outside. 
1% of rural households had access to working 
toilets (4% at the province level), of which 68% 
had them inside their home. In the same year, 
32% of households in Sofala province had 
access to electricity and running water, 6% had 
a computer, and 3% had access to the internet 
(INE, 2019). In rural areas just 6% of households 
had electricity and 5% had running water with 
18% of these households having running water 
within their homes. Six percent of households 
in Sofala had toilets. In rural areas 1% of 
households had toilets; 65% of these household 
had indoor plumbing. 
The literacy rate in Manica in 2017 was 68%, 
while the youth literacy rate was 79% for the 
age range of 15-29 years. In rural areas, this 
indicator decreases to 71% (INE, 2019). In Sofala, 
the literacy rate was of 65% in. 2017, while the 
youth literacy rate was 75%; in rural areas it was 
61% (INE, 2019). The national average for youth 
literacy rate (ages 15-24) was of 71% in 2017, and 
the total literacy rate was of 61% (World Bank, 
2020a).
The prevalence of stunting in children under 
five years of age was 42.3% in Mozambique 
compared to the developing country average 
of 25% in 2015 (World Bank, 2020a). In the 
study area, the prevalence of under-five stunting 
is close to the national average (Global Nutrition 
Report, 2020). This could be partially explained 
by the fact that cassava and maize are the 
main regional staples, coupled with the limited 
6 The Famine Early Warning System (FEWS) was developed by USAID and has a five-level scale: minimal risk, stress, crisis, emergency, and 
hunger.
supply of protein- and micronutrient-rich foods 
(Ferrão et al., 2018). In addition, underweight 
new-borns and malnourished pregnant women 
are common in the area (World Bank, 2020a). 
Food security in Manica and Sofala has recently 
been threatened by drought. In Manica irregular 
rainfall in 2017-18 affected the harvest. The 
reduced harvest coupled with an outbreak of 
mouth-and-foot disease put the province in a 
level 2 risk of food insecurity with signs of crisis. 
In 2016 an emergency level had been declared 
(DW, 2018a, 2018b).6 
Mozambique has one of the lowest 
population densities in the sub-region and 
limited connectivity. Corridors link urban and 
economic centres to ports but not to each other. 
Rural roads are in very poor condition and rural 
accessibility is low. Approximately only one-
fourth of rural Mozambicans live within 2 km of 
any road in the classified network (Dominguez-
Torres & Briceño-Garmendia, 2011). However, 
Sofala and Manica have the advantage of rail 
and road links to the landlocked neighbouring 
countries of Zimbabwe, Zambia, and Malawi. 
This could be an important engine of growth, 
particularly for Sofala, whose capital, Beira, is 
home to an important port (GIZ, 2010).
2.3. Agricultural activities
Agricultural land corresponded to 64% of the 
total land area in 2016, and arable land to 7% 
(World Bank, 2020a). In Mozambique in 2010, 
34% of agricultural exploitations were smaller 
than 1 ha, and 38% had between 1-2 ha (INE, 
2011). In the study area, 99% of exploitations 
are small (2010 Census of Agriculture). No 
information was found regarding statistics about 
land tenure in the study area; nevertheless, 
land tenure insecurity is an issue throughout 
the country, since the Land Law passed in 
1997 states that individuals, communities, and 
entities can obtain long-term or perpetual rights 
to land, even without formal documentation. 
Nevertheless, in practice, rural residents lack the 
capacity to secure their land rights, and many 
lose their land in favour of private investments 
(GIZ, 2010; USAID, 2018).
In Manica, 85% of farms practice culture 
association, row crops are used in 49% of 
farms and 21% use culture rotation. In Sofala, 
72% of farms use culture association, 40% use 
row crops, and 34% use culture rotation (INE, 
2011). In both provinces, the use of fire for 
clearing land is a common practice (INE, 2011). 
Agriculture in the country is mainly rain-
fed, and most producers are small-scale 
subsistence farmers. 3.2 million smallholder 
farmers account for 95% of the country’s 
agricultural production (FAO, 2020; Ferrão et 
al., 2018). Only 5-10% of farmers have access 
to improved seeds, and 5% to fertilizers; the 
average fertilizer consumption in 2016 was of 
3.7kg/ha (Ferrão et al., 2018; World Bank, 2020a). 
Limited access to financial services and poor 
access to markets also constrain agricultural 
productivity. Post-harvest losses are high, on 
average of 30% of production; and the quality 
of the final products is usually low because of 
poor handling and storage practices (Ferrão 
et al., 2018). These trends are also reflected 
in the study area. In 2010, 10% of small farms 
in Manica used irrigation, and 5% in Sofala 
province. This increases to an average of 31% in 
Manica for medium and large farms, and 21% 
in Sofala (INE, 2011). The use of fertilizers is also 
low; 2% of small farms in Manica used it, and 
none were identified in Sofala; this increases to 
18% for medium and large farms in Manica and 
22% in Sofala. 2% of small farms used pesticides 
in Manica, and 1% in Sofala; 17% of medium and 
large farms in both provinces used pesticides 
(INE, 2011). Since the use of fertilizers and 
pesticides is low, environmental impacts should 
also be low. On the contrary, the common 
practice of using fires for clearing land is harmful 
for the environment and creates risks of starting 
wildfires. 
7 Most of Mozambique’s pigeon peas are exported to India, and no reliable Mozambican resources are available. As such, this resource 
estimates Mozambique’s pigeon pea export market based on Indian import data.
In 2010 access to credit was also low; on 
average only 1% of small farms in both 
provinces had access to credit, while 13% 
of medium and large farms in Manica had 
access, and 8% did in Sofala (INE, 2011). In 
Manica, most exploitations that have access 
to credit, get it from commercial banks, input 
suppliers, or the government. In Sofala, only 4 
farms reported getting credit from banks; the 
government, input suppliers, and other sources, 
like NGOs and farmers’ associations, play a more 
important role (INE, 2011). 
2.4. Agricultural value chain 
commodities
This study analyses the pigeon pea and 
baobab fruit value chains. These crops are 
not the most important in terms of production 
volume or area compared with cassava, maize, 
or sugarcane, but they present great potential 
to be developed under the Climate-Smart 
Agriculture program. No information was 
available for baobab fruit. An overview of each 
value chain is presented below. 
2.4.1. Pigeon peas 
Pigeon peas are produced throughout 
Mozambique. In 2016, Mozambique exported 
approximately 174,700 tons of pigeon peas 
(Oppewal & da Cruz, 2017).7 Production is 
concentrated in the provinces of Zambézia, 
Nampula, and Niassa (INE, 2011; Oppewal & 
da Cruz, 2017). From 2005 to 2016, production 
quadrupled and became the main cash crop 
in the provinces of Zambézia and Nampula. 
This significant increase could be explained 
by the high demand for pigeon peas in India. 
Pigeon peas are processed into dhal, which 
is the main source of protein for the Indian 
population (Oppewal & da Cruz, 2017; Walker et 
al., 2015). In the study area in 2010, Sofala had 
a cultivated area of 11,300 ha and Manica 4,200 
ha (INE, 2011). No recent information regarding 
cultivated area or production volume was found 
for the two provinces. 
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Figure 2. Agriculture and livelihoods
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Pigeon peas are traditionally grown in small 
quantities and by smallholder farmers. In 
2015, approximately 761,000 farmers cultivated 
it as their primary or secondary cash crop, 
positioning Mozambique as one of the largest 
pigeon pea producers and exporters in the world 
(Oppewal & da Cruz, 2017). Production of this 
crop is difficult to mechanize. Despite resource 
constraints and the lack of mechanical tools, 
smallholder farmers have become the main 
producers of pigeon peas (Oppewal & da Cruz, 
2017). The crop is usually rain-fed and grown in 
an intercropping system with maize, soybeans, 
sesame, common beans, and sorghum 
(Genesis Analytics, 2018). Land preparation, 
seeding, weeding, and harvesting are generally 
undertaken equally by both genders, and 
women take part in all subsistence production 
activities (Oppewal & da Cruz, 2017).
Pigeon peas contribute to food security and 
nutrition. This crop improves soil fertility, it 
is adaptable to be intercropped with maize, 
and it is suitable within the productive system 
(Oppewal & da Cruz, 2017). Pigeon peas have 
high protein content and are rich in minerals 
and vitamins. They are inexpensive and can 
help poor households improve their nutrition. 
Additionally, pigeon peas have become an 
important cash crop in the region, providing a 
new source of income. 
Input use is low for pigeon pea production 
in Mozambique. This may explain low yields 
at 446 kg/ha, compared to other countries in 
the region such as Kenya at 994 kg/ha and 
Tanzania at 897 kg/ha (Genesis Analytics, 
2018). Seed sector dynamics seem to be 
changing. Private companies are increasing 
the marketing of certified pigeon pea seeds. 
Additionally, entities such as the International 
Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT), the International Institute of 
Tropical Agriculture (IITA), and the Mozambique 
Institute of Agricultural Research (IIAM) are 
collaborating with seed producers to select, test, 
and introduce new pigeon pea varieties (Genesis 
Analytics, 2018). 
Commercialization and marketing of pigeon 
peas are tied to international markets. 
Because most of the pigeon peas produced are 
exported, the marketing network is complex, 
involving exporters, intermediaries contracted 
by exporters, independent intermediaries, 
micro-intermediaries, and warehouse operators 
(Genesis Analytics, 2018; Oppewal & da Cruz, 
2017). There are four ways farmers sell their 
product: firstly, farmers sell directly to export 
companies; secondly, export companies 
hire intermediaries to buy the product at 
remote farms; thirdly, farmers sell directly to 
independent warehouse operators; and finally, 
micro-buyers work with warehouse operators 
and buy the produce directly from the farmers 
(Oppewal & da Cruz, 2017). The private company 
Export Trading Group (ETG) buys and exports 
approximately 60% of smallholder farm 
production (Genesis Analytics, 2018; Oppewal & 
da Cruz, 2017). Given this marketing structure, 
exporters are the only actors along the value 
chain who have market intelligence to monitor 
the evolution of international prices and the 
Indian market (Oppewal & da Cruz, 2017; 
Walker et al., 2015). The fact that the value chain 
depends heavily on the Indian market makes it 
highly vulnerable to any shifts in prices or policy 
in that market. 
2.4.2. Baobab fruit
Baobab trees are indigenous to the northern 
provinces of Manica, Tete, Cabo Delgado, 
Nampula, Niassa, and Inhambane (GIZ, 
2018). Baobab fruit, leaves, and roots were 
traditionally used as food sources given to 
children and the elderly (MICAIA Foundation, 
2019a). Moreover, baobab leaves and bark 
have multiple medical uses. The wood is used 
for practical goods, and the trunks are a source 
of water during the drought periods (MICAIA 
Foundation, 2019a). The fruit is called “Africa’s 
superfruit” or the “miraculous fruit.” It is rich 
in calcium, antioxidants, iron, potassium and 
vitamin C (DW, 2016). Production and informal 
commercialization of baobab products within 
Africa was common and became more popular 
following approval by the European Union and 
the United States for consumption in the mid-
2000s (GIZ, 2018; MICAIA Foundation, 2019b). 
Most of the produce is exported, traditionally 
to Zimbabwe and Malawi and increasingly to 
other markets. No information was found on 
the volume of production or harvested area of 
the baobab tree. It is estimated that baobab 
fruit production could be more than 500 tons 
per year (GIZ, 2018). As commercialization of 
baobab fruit increases, communities risk losing 
this source of nutritious food. On the other 
hand, increased commercialization provides 
an additional source of income, which may 
help improve food security for these rural 
communities.
Baobab fruit has traditionally been collected 
by women in Mozambique. This is particularly 
true in Manica Province, where women play a 
key role (GIZ, 2018; MICAIA Foundation, 2019a). 
Baobab trade is very important along the 
borders with Zimbabwe and Malawi, at lower 
prices that do not reflect the value of the product 
itself (GIZ, 2018). In 2015, the company Baobab 
Products Mozambique (BPM) was established in 
Manica, and it is now a key actor along the value 
chain; it is the only formal buyer and processor 
of baobab products for local and export markets. 
BPM has increased the purchasing price for 
baobab fruit, thus increasing the returns of 
women collectors, and it has helped them gain 
a better understanding of the value chain. BPM 
buys directly from women collectors grouped 
under mutually agreed annual contracts at 
higher prices than those offered by Malawian 
traders (GIZ, 2018; MICAIA Foundation, 2019b).
Baobab fruit is commercialized nationally 
or internationally. At the national level, 
harvesting and pulp extraction are done by 
rural communities. An intermediate merchant, 
at rather unattractive prices (3 MZN / kg, pulp), 
sells the product to market vendors for transport 
to wholesalers and domestic retailers. At the 
international level, rural communities collect 
the fruit (after failing down). Then there are two 
8 In 2020, 8 MZN / kg for fruit, plus payments for cracking. Cracking facilities have to be managed to obtain certification (HACCP)
possibilities. An intermediate merchant might 
extract the pulp and sell it directly to Malawian 
merchants who then sell the product through 
wholesalers and retailers to the final Malawian 
consumers. Alternatively, women collectors 
might sell directly to BPM8. In this case, the fruit 
is stored for several weeks to ensure it is dry, 
and then BPM hires some of the women for 
pulp and seed extraction. The product is then 
prepared for export to European, American, or 
Japanese markets (GIZ, 2018; MICAIA Foundation, 
2019b). 
Market knowledge regarding baobab 
fruit is improving. Isolated and poorly 
organized collectors or harvesters with limited 
technical skills and market information were 
easily exploited by potential buyers (MICAIA 
Foundation, 2019b). With the arrival of BPM 
a price per kg was established, and women 
now know to ask for a scale when selling their 
produce (MICAIA Foundation, 2019a). A group of 
women collectors in Manica province formally 
registered a women’s association in 2020. This 
activity, at the lower range, may generate US$20 
per 200 kg of fruit in a region where annual per 
capita income is approximately US$27 (MICAIA 
Foundation, 2019b). 
Non-timber forest products (NTFPs) are a 
livelihood resource for the rural poor. They 
have a wide range of potential applications for 
food, essential oils, cosmetics, construction, 
crafts, and hygiene products. Common examples 
are baobab, moringa, and bamboo (Aquino et al., 
2018) Hence baobab fruit production has great 
potential. It is important to note that Baobab 
trees are a long-lived species and may take up to 
22 years to start fruiting, therefore it is important 
to focus on conservation strategies for existing 
trees. 
2.5. Agricultural sector challenges
Farmers lack access to inputs, technical 
assistance, financial services, technology 
18 19
Adapting Green Innovation Centres to climate change: analysis of value chain adaptation potential Pigeon peas and baobab value chains in Manica and Sofala provinces, Mozambique
and information, and markets 
for their products. Agriculture in 
Mozambique is still dominated by 
small-scale farmers who make little 
or no use of technology and are 
resource-constrained and poorly 
organized. Most crops are rain-fed. 
All of these factors result in low levels 
of productivity. Additionally, the use 
of fertilizers, pesticides, improved 
varieties and other inputs is low; 
fertilizer consumption was 3.7 kg/ha 
in 20169, mainly due to high prices 
and low availability but in some cases 
also because of knowledge gaps or 
cultural factors. (World Bank, 2020a).
Climate variability and limited 
irrigation systems expose farmers 
to risk. There is a lack of accurate 
weather and climate forecasts due 
to the country’s limited network of 
observation stations and staff (USAID, 
2017). Farmers become exposed 
to climate change variations and 
have experienced harvest losses in 
pigeon peas and rice. Furthermore, 
small-scale irrigation systems in 
Mozambique are either abandoned or 
partly used, and most schemes are in 
bad to very bad condition (FAO, 2005).
In the case of the pigeon peas value 
chain, since crops are grown under 
a rain-fed intercropping system, 
this presents a challenge when 
faced with irregular rains, dry spells 
or droughts. Improving irrigation 
systems could enhance productivity 
and reduce farmers’ vulnerabilities 
at the production level.  Additionally, 
since pigeon pea producers lack 
resources, information, and 
governance, this means their adaptive 
capacity is low. 
9 The average fertilizer consumption in the sub-Saharan region was of 16.2 kg/ha in 2016, while it was of 153 
kg/ha in the European Union (EU)
Regarding the baobab value chain, 
there may be two main challenges. 
The first is tackling deforestation, 
which has been increasing and 
endangers the value chain. The 
second is the organization of women 
collectors. Augmenting their access to 
information and their understanding 
of the value chain, including best 
practices, prices, and markets, will 
empower them and improve their 
livelihoods. 
Socioeconomic conditions also 
present a challenge to agricultural 
sector development. Illiteracy rates 
are high, ranging between 29%-39% 
in rural areas of the study region. 
Access to basic needs is low, such as 
electricity, running water, sewage, 
and clean fuels for cooking. As 
mentioned earlier, road infrastructure 
is inadequate. Of the approximately 
30,400 km of highways, only 6% are 
paved. In spite of significant efforts to 
improve the transportation network, 
large sections are almost impossible 
to transit during the rainy season 
(Dominguez-Torres & Briceño-
Garmendia, 2011). Projected increases 
in the intensity of storms and rainfall 
events threaten Mozambique’s 
infrastructure.
There are some structural factors 
within the agricultural sector that 
exacerbate farmers’ vulnerabilities 
to climate change, such as low 
level organization of farmers, land 
tenure insecurity, gender inequality, 
and insufficient infrastructure and 
connectivity linking rural areas 
with main cities. Addressing these 
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» The Mozambican government has created several policies to support agriculture.
» Three programs in Mozambique are geared toward increasing climate change 
adaptation and resilience in the agricultural sector.
» A few initiatives are geared specifically toward either the baobab fruit or the pigeon 
pea value chain.
3. Policies, Strategies and 
Programs on Climate Change
Key messages
Past efforts by the government of 
Mozambique aimed to support the 
agricultural sector. Policies to strengthen the 
agricultural sector include the Food Production 
Action Plan (Plano de Acção da Produção 
Agrícola, PAPA, 2008-2011), the National 
Irrigation Strategy, which aimed to double 
irrigated acreage by 2019, and the Strategic 
Plan for Development of the Agricultural 
Sector (Plano Estratégico de Desenvolvimento 
do Sector Agrário, PEDSA, 2009-2019). These 
initiatives have led to increased investment 
in the agricultural sector, enhanced domestic 
production of the main food staples, 
market integration between regions and 
agricultural value chains, and improvements 
to Mozambique’s food security (IUCN & GGCA, 
2014).
Three programs directly address the 
agriculture sector’s vulnerabilities to climate 
change. They could directly or indirectly affect 
the pigeon pea and baobab fruit value chains. 
Feed the Future Mozambique Climate-Smart 
Agriculture Activity – Beira Corridor (FTF CSA-
BC 2016-2021) focuses on Manica and Tete 
provinces. The FTF CSA-BC aims to increase 
local producers’ agricultural productivity and 
profitability while increasing their resilience 
to climate change through the adoption of 
resilient agricultural technologies and practices. 
The four components are behaviour change 
communication, model family farms, sustainable 
extension services, and strengthened market 
systems. It is expected to benefit 35,000 
smallholder families (USAID, 2019). 
Adopted in 2010, the Climate Change and 
Gender Action Plan seeks to promote gender 
equality by increasing the participation 
of women and the poorest populations in 
conservation, environmental management, 
and climate change mitigation and 
adaptation (IUCN & GGCA, 2014). The action 
plan identifies agriculture as one of the six 
priority sectors. A primary objective is to enable 
women farmers to cope with the impacts of 
climate change through increased access to 
land and efficient, sustainable technology. This 
objective involves special events on climate 
change, communication materials, promotion of 
markets, decentralized seed banks, promotion 
of agricultural fairs, the advancement of 
sustainable agriculture, and the introduction 
of clean technologies for food processing. 
The second objective is to increase access to 
agricultural market information for women. This 
objective involves increasing the dissemination 
of information about prices, markets, and 
inputs; raising awareness among communities 
and authorities of the need for road network 
improvements; broadening access to agricultural 
credit; and supporting agreements between 
supermarkets and local peasant associations. 
Lastly, the Mozambique Conservation 
Agriculture Promotion (PROMAC II) provides 
training and support on CSA practices and 
technologies to 900 lead farmers, who in turn 
train and provide technical assistance to 
neighbouring farmers. The lead farmers in the 
Manica and Zambézia provinces are responsible 
for maintaining the demonstration fields, hosting 
three “Field Days” every year, and providing 
technical support to neighbouring farmers 
(NCBA, 2020). 
A few programs specifically address 
vulnerabilities in the pigeon pea value chain. 
The Partnership for the Dissemination of Seeds 
and Technologies in Africa (SSTP), an initiative of 
USAID and the Alliance for the Green Revolution 
in Africa (AGRA), aims to increase small farmers’ 
access to agricultural technologies, with a focus 
on pigeon peas in Sofala and Manica (USAID, 
2016). This partnership promotes an improved 
variety of pigeon peas and connects seed 
and fertilizer companies with agro-traders to 
supply certified pigeon peas. SSTP also works 
to demonstrate the benefits of improved corn 
and pigeon pea varieties, and of fertilizer 
formulations to 40,000 small farmers in the 
provinces of interest (USAID, 2016). Additionally, 
as mentioned earlier, CSA has been promoted 
in the pigeon pea sector with pilot programs 
initiated in 2017 (Genesis Analytics, 2018). 
Finally, the pigeon pea supply chain has been 
promoted under forest conservation programs. 
Specifically, the Forest Investment Program (FIP), 
a targeted program of the Strategic Climate 
Fund (SCF) within the Climate Investment 
Funds (CIF), supports developing countries’ 
efforts to reduce deforestation and forest 
degradation (REDD) while supporting sustainable 
forest management. For Mozambique, this 
conservation initiative aims to support more 
sustainable livelihoods, such as by developing 
the marketing and commercialization of sesame 
and pigeon peas (MITADER, 2016). 
It is important to note the strong influence 
of the Indian market on the pigeon pea value 
chain. For example, in 2017, Indian protectionist 
policies caused demand and prices to fall, which 
significantly impacted the pigeon pea sector 
(Oppewal & da Cruz, 2017). Hence, policies to 
address the value chain’s high dependency of 
the Indian market are necessary to protect it 
from shocks. 
Two initiatives promote protection and 
innovation in the baobab fruit value chain. 
The Biodiversity Management Plan started in 
2001 included baobab native seeds in a project 
which collects, stores, and plants seeds in the 
region of influence to support the recovery 
process of degraded areas and to protect against 
native plant extinctions (Vale, 2013). The plan 
also identified and marked the trees that would 
be preserved to support local biodiversity and 
prepare for the future rehabilitation of native 
species. Currently, the nursery gathers seeds 
from 47 species of flora including baobab 
(Vale, 2013). This program also addresses 
climate vulnerability, since the conservation of 
species is a first step towards the consolidation 
of the sector in Mozambique. The MICAIA 
Foundation has been working with producers 
and/or community partners in some regions to 
establish inclusive businesses. It aims to secure 
tenure rights and management arrangements 
in relation to the baobab production for women 
fruit collectors and to help integrate women 
into the BPM value chain (MICAIA Foundation, 
2019b).
“Green Innovation Centres in the Agriculture 
and Food Industry” supports both the 
pigeon pea and baobab fruit value chains. 
It is a 5-year program from 2017 through 2022 
developed by GIZ in a range of African countries 
including Mozambique. It aims to contribute 
to sustainable rural development through 
innovation in the value chains of pigeon peas 
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and baobab in the 
Beira corridor with a 
focus on the Sofala 
and Manica provinces. 
Overall, the program 




and adaptation to 
climate risks, and to 
contribute to food 
security. It has three 
core fields of action: 
local innovation 
systems in the form 





agribusiness, such as 
modern land trade. 




with the private sector 
have been established 
to improve the 
quality and use of 
inputs in the pigeon 
pea value chain. For 
the baobab value 
chain, the program 
partnered with BPM 
to build capacity and 
support the provision 
of decentralized 
financial services. A 
training centre has 
been established in 
cooperation with the 
NGO Young Africa 
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» Significant forces in the Mozambican agricultural sector include national 
organizations, NGOs, international cooperation and research centres, as well as 
private-sector actors like ETG and BPM.
» Climate change and capacity building are sufficiently prioritized in national policies 
and programs.
» Ameliorating institutional issues such as land tenure insecurity, gender inequality, 
and insufficient infrastructure would significantly reduce farmer vulnerability to 
climate risk. 
Key messages
4. Governance, institutional 
resources and capacity  
International, national, and non-
governmental organizations are involved 
in the agricultural sector of Mozambique. 
National organizations include the Ministry 
of Agriculture and Rural Development, the 
Agricultural Development Fund, the National 
Institute for Irrigation, the Ministry of Planning 
and Development, and the National Statistics 
Institute (INE). International organizations such 
as the Food and Agricultural Organization of 
the United Nations (FAO) and the World Bank 
are present in Mozambique, and through 
partnerships with NGOs, implement projects and 
programs. 
International cooperation and research 
centres are also present in Mozambique 
through agencies such as GIZ, IUCN, ICRISAT, 
IITA, and IIAM. These groups work alongside 
local NGOs and producer organizations to 
provide technical assistance, information on best 
practices, and access to inputs, among other 
things. 
The Export Trading Group (ETG) and BPM are 
the most important actors from the private 
sector. ETG is the largest buyer and exporter 
of smallholder pigeon pea production. BPM is 
the only formal buyer and processor of baobab 
products for local and export markets. 
Few policies and programs implemented by 
government agencies tackle climate change 
in the agricultural sector. Climate change is 
mentioned in many documents as a vulnerability 
factor, but it is not properly addressed. Initiatives 
emphasizing climate change adaptation are 
often carried out by international organizations 
or cooperation agencies in partnership with local 
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» The most pressing climate issues Mali faces include increasing heat stress, changing 
precipitation patterns, and droughts. 
» Projections indicate the suitability of rice will decrease, the areas suitable for growing 
mangoes will shift, and because potatoes will continue to be unsuitable, other crops 
might profitably replace them. 
» Farmers are aware of climate change and are taking adaptive measures to respond; 
their education and other social, economic, and cultural factors condition their 
perceptions and responses.
Key messages
5. Climate Change-Related 
Risks and Vulnerabilities
5.1. Farmers’ perceptions on 
climate change
Mozambican farmers identified increased 
temperatures, floods, droughts, and a 
shorter rainy season as the main hazards. 
Approximately 90% of farmers surveyed in 
2006 had noticed major changes in climate 
during their lifetimes, including changes in 
temperature, cyclone patterns, rainfall, soil 
moisture, and flooding (Patt and Schro ฀ter 
2008).  The majority of these farmers believed 
climatic changes would definitely or probably 
continue, and only 16% thought that the changes 
would cease. Since then, every farmer surveyed 
perceived temperature had increased and the 
rainy season had shortened over the ensuing 
decade (Chichongue et al. 2015). These farmers 
also noted the beginning of the rainy season had 
shifted from October to November. Just under 
half of farmers perceived an increase in drought 
conditions. 
Farmers’ perceptions are validated by the 
literature and climate models. Floods and 
droughts are cited in the literature as the most 
common and prevalent hazards to impact 
Mozambique and are predicted to primarily 
affect rain-fed agricultural systems (IUCN & 
GGCA, 2014). Predictive models anticipate 
that moisture stress and flood events could 
significantly increase and the length of the rainy 
season could decrease. Heat stress was not 
identified in the literature as a major hazard, 
but results from the climate models show it will 
become increasingly prevalent. Drought and 
flooding will become increasingly acute in the 
south (Genesis Analytics, 2018; MICOA, 2013).
5.2. Climate change and variability: 
historic and future trends
The impact of climate change differs with 
respect to the location and current climate of 
each region. Sofala is located along the Indian 
Ocean coast while Manica is further west inland. 
Historically temperature ranged from 15 to 
38ºC and rainfall from 750mm to 1600mm per 
year (Figure 3). Precipitation in Manica is higher 
than in Sofala province and temperature slightly 
lower. Both provinces have the same rainy 
season starting in November up to April, with 
the most rainy month being January with more 
than 200mm on average. Climate models run 
by CIAT were used for the study area to analyse 
the main hazards in Sofala and Manica provinces 
until 2060 under scenario representative 
concentration pathway (RCP) 8.5. 
Flooding, heat stress, moisture stress and 
the length of the growing seasons are the 
climatic hazards with the greatest impact on 
agricultural production in Mozambique. The 
maximum 5-day running average precipitation 
which is an indicator of flood was historically on 
average 28mm per day in Manica and 31mm in 
Sofala. In the future it is expected to increase 
across both provinces more than 39mm per day 
(Figure 4). The eastern part of Sofala is likely 
to be the most affected. The risk of flooding in 
northern Sofala and southern Manica was also 
identified as a hazard through the literature 
review. 
 
Heat stress is another important hazard, 
as the number of consecutive days with 
maximum temperatures above 35ºC is 
projected to increase significantly (Figure 5). 
The inland western part of Sofala is projected to 
reach more than 100 days by 2061. Sofala will be 
the most affected with an average increase of 44 
heat stress days compared to Manica (average 
of 31 more heat stress days). In Manica, the 
northern areas close to the Guro and Tambara 
districts and the southern areas close to the 
Machaze and Mossurize districts are projected to 
be most affected. 
Moisture stress significantly increases in both 
provinces, reaching an average of 130 days 
by 2061. The south of both provinces will remain 
the most affected regions (Figure 6). This fact is 
consistent with the literature review. Increases in 
evapotranspiration would likely exceed projected 
increases in rainfall, resulting in dryer seasons. 
The length of the growing season decreases 
in both provinces. Factors like changes in 
temperature and humidity, irregularity in 
precipitation which can result in excess water 
during off seasons and limited water during 
critical crop growth periods, can all contribute 
to limit the length of the growing season. In 
Sofala, the eastern area near the Cheringoma 
and Morromeu districts is projected to be most 
affected with a decrease of about 20 days. 
Figure 3. Historical annual mean precipitation (left) and temperature (right) (average of last 30 years) 
for Manica and Sofala provinces
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Figure 4. Historical (left), future projected (center), and projected change (right) for the maximum 
5-day running average precipitation in millimetres (average of last 30 years) for Manica and Sofala 
provinces. 
5.3.  Crop suitability analysis
The suitability of the crops under 
consideration varies across the regions. A 
crop suitability10 analysis shows that historically 
(1960-1990), Sofala and Manica provinces had 
moderate (40 -80 %) to high suitability (more 
than 80%) for Baobab production with Manica 
being a bit less suitable in the south than in the 
north (Figure 7 and 8). Both provinces are highly 
suitable to pigeon pea production (Figure 9 and 
10). 
Given the conditions of increasing 
temperatures, rainfall variability, and 
prolonged droughts, the suitability of baobab 
and pigeon peas in the two provinces will 
be slightly different in the coming years. At 
10 Suitability in this context is a measure of how well the crop ecological requirements (temperature, rainfall) are met at a given place and 
for a given crop. The Eco-Crop model was used to find the suitable areas for crop production under the current and future climate sce-
narios (Ramirez-Villegas et al., 2013). The criteria used was based on the temperature and precipitation thresholds identified by experts.
11 A Representative Concentration Pathway (RCP) shows the concentration of GHGs, which is an indication of global warming (indicating 
increasing temperatures). Four RCPs are widely used; 2.6, 4.5, 6, and 8.5, whereby a greater RCP represents a higher concentration of 
GHGs.
an RCP of 8.5,11 the analysis indicates that by 
2030 and then by 2050 suitability of baobab 
production will increase in both provinces but 
specifically in Sofala where most of the province 
will become highly suitable. The north and south 
of Manica will tend to become less suitable. The 
analysis for pigeon peas indicates that by 2030, 
there will be a slight decrease in suitability in 
Manica and the south of Sofala provinces which 
would improve again in 2050. The changes 
in suitability in these regions could be due to 
the variability in temperature and rainfall as 
described in the previous section, implying 
that farmers should be given information on 
future crop suitability to encourage adoption of 
appropriate climate-smart practices. 
 
Figure 5. Historical (right), future projected (center), and projected change (right) for the total number 
of days with maximum temperature greater or equal to 35°C in the year (average of last 30 years) for 
Manica and Sofala provinces
Figure 6. Historical (right), future projected (center), and projected change (right) for the total number 
of days of moisture stress (average of last 30 years) for Manica and Sofala provinces
Figure 7. Historical and future (scenario RCP 8.5, periods 2030 and 2050) suitability of baobab 
production in Manica and Sofala provinces
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Figure 8. Suitability change of baobab production in Manica and Sofala provinces Figure 10. Suitability change of pigeon pea production in Manica and Sofala provinces
 
Figure 9. Historical and future (scenario RCP 8.5, periods 2030 and 2050) suitability of pigeon pea 
production in Manica and Sofala provinces 5.4. Climate vulnerabilities across 
agriculture value chain 
commodities
The survey carried out between June and July 
2020 by CIAT allowed to get information from 
26 experts. The results from this survey are 
presented below. 
5.4.1. Pigeon peas
Floods were identified as a significant hazard 
to the pigeon pea value chain. They were 
judged to have a moderate to major effect on 
the on-farm stage. This observation is consistent 
with the literature, which also identifies flooding 
as the main climate hazard for this crop (Genesis 
Analytics, 2018; IUCN & GGCA, 2014; USAID, 
2017). Flooding decreases plant growth and 
could lead to plant mortality. Increased flooding 
during the growth or maturation stages could 
lead to decreased yields. Floods are said to have 
a moderate impact on the input stage. They 
may also affect the post-harvest and marketing 
stages, as floods may present risks for storage 
and may impact road networks to rural areas. 
In 2015 for example, flooding damaged key 
bridges and main roads in the northern part of 
Mozambique, leading to large-scale shortages of 
goods (DW, 2015).
Droughts were identified as a primary hazard 
to the pigeon pea value chain. Drought was 
said to have a major impact on the on-farm 
stage, and all other stages were said to be 
moderately affected. This information differs 
from the literature. The pigeon pea varieties 
cultivated in Mozambique are relatively drought-
tolerant and can withstand an average rainfall of 
400 mm (USAID, 2017). 
Higher temperatures are identified 
in the literature as another notable 
hazard. Temperatures above 40°C could 
reduce germination rates significantly. After 
germination, optimal growing temperatures 
are between 18°C and 30°C. If heat waves 
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increase with multiple days above 
30°C, production could decrease. 
Additionally, high temperature and 
humidity present a risk to seed 
storage and quality. As temperatures 
increase, potentially in combination 
with increased humidity, seeds 
are more susceptible to fungi and 
pathogens (USAID, 2017). 
5.4.2. Baobab fruit
The main hazard identified for the 
baobab fruit value chain was a 
decrease in the average length of 
the rainy season. The on-farm stage 
is most vulnerable, while the impact 
on all other stages of the value chain 
is said to be low. Changes in water 
availability are also a major hazard 
identified for this value chain in the 
literature (Cuni Sanchez et al., 2010). 
Baobab trees leaf during the rainy 
season. Harvest begins after the 
rains have ended. Changes in rain 
patterns and prolonged dry seasons 
may affect these processes. Moisture 
is important for breaking baobab 
seed dormancy, and seedlings are 
vulnerable to drought. 
High temperatures may be the 
second most important hazard. 
The survey was not conclusive on 
which is the second most important 
hazards for the Baobab fruit value 
chain. According to the survey, high 
temperatures mainly affect the 
on-farm stage, while their impact 
on all other stages is low. The 
literature indicates that increased 
temperatures may impair fruit 
development. Baobab trees are 
found to be vulnerable to extreme 
warming, and a Representative 
Concentration Pathway (RCP) 8.5 
“business as usual” scenario may 
result in their local extinction by the 
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» Ongoing adaptations strategies for pigeon peas include improved varieties and 
intercropping; further research is needed into ongoing adaptation strategies for 
baobab fruit.
» The most promising adaptation strategies to protect pigeon peas climate-related 
risks, derived from a survey of experts, include increasing soil organic matter, 
intercropping, and adopting new varieties.
» The two most promising adaptation strategies for the baobab fruit value chain 
are the creation of protected areas and improved storage and hygiene for baobab 
pulp and seeds.
6. Adaptation to Climate Change and Variability
Key messages
6.1. On-farm adaptation strategies
Ongoing adaptations strategies for 
the pigeon pea value chain identified 
through the literature review include CSA, 
improved varieties, and intercropping. CSA 
practices include minimum tillage, mulching, 
intercropping, and improved threshing and 
storage. The Export Trading Group (ETG) in 
collaboration with Solidaridad Southern Africa 
are leading a project in which they train lead 
farmers on CSA production practices so they can 
later share their knowledge with farmer groups 
(Genesis Analytics, 2018). Secondly, farmers are 
adopting new pigeon pea varieties provided by 
ICRISAT, IITA, and IIAM (Genesis Analytics, 2018). 
Finally, farmers are adopting the intercropping 
of cassava, pigeon peas, and cowpeas as a way 
to address climate variability and climate change 
(CARE, 2016). This system offers benefits such as 
maintaining land cover, increasing soil organic 
matter, partially shading crops and soil, and 
increasing rooting size and depth (CARE, 2016).  
In the baobab fruit value chain, collectors are 
mostly women. The fruit is mainly exported; 
hence, collectors depend on intermediaries to 
sell their produce, and prices do not generally 
reflect the price of the product. Market 
information is low, and collectors are generally 
poorly organized, although this is starting to 
change. Additionally, harvesters have little or no 
control over baobab trees and their fruits, which 
are collected in the wild. Baobab trees may take 
up to 22 years to produce fruit, and they are 
vulnerable to the rapid, increasing deforestation 
in the baobab zone because of a lack of 
effective land governance and natural resource 
management (MICAIA Foundation, 2019b). 
These characteristics of the value chain make 
producers vulnerable and limit their adaptation 
capacity. In addition, the fact that most collectors 
are women means they face structural barriers 
because of their gender, such as limited access 
to land and financial services, that make them 
particularly vulnerable and limits their adaptive 
capacity even further. 
Little evidence was found in the literature 
regarding ongoing adaptation practices 
for baobab fruit, as this value chain is still 
developing, and further research is needed 
on the subject. 
6.2. Overall ranking of the 
adaptation strategies
This section will present the main adaptation 
strategies for the two most important hazards 
selected for each value chain. We derived this 
information from a survey with experts, in which 
they could rank adaptation strategies for each 
hazard and each stage of the value chain. 
The most promising adaptation strategies 
to protect pigeon peas from flood risks 
are increasing soil organic matter and 
intercropping with maize, cassava, or 
cowpeas (Table 1). Respondents ranked 
minimum tillage as the most promising strategy 
at the input and on-farm stages, followed by 
intercropping. Promotion of proper drying 
and storage techniques is ranked as the most 
promising in the post-harvest and marketing 
stages. 
The most promising adaptation strategies 
to protect pigeon peas from drought are the 
introduction of new pigeon pea varieties 
and intercropping. Green mulching and the 
introduction of new pigeon pea varieties are 
ranked as the two most promising strategies at 
the input stage. Experts selected intercropping 
and the introduction of new pigeon peas 
varieties as most relevant at the on-farm 








• Intercropping with maize, cassava, 
cowpeas*
• Green mulching 
• Mulching
• Minimum tillage
• Building soil organic matter*
Water management • Improved irrigation schemes
Processing • Improved drying techniques • Improved hygiene for pulp and 
seeds
Land restoration • Creation of protected areas*
Variety 
improvement




Storage • Improved storage • Improved storage*
Marketing • Increased access to marketing 
information;
• Formation of women’s association
*Denotes that this is the highest-ranked adaptation strategy for its respective value chain. 
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stage. Promotion of proper storage and drying 
techniques was chosen as the most important 
adaptation strategy at the post-harvest and 
marketing stages, followed by intercropping. 
The above-mentioned adaptation strategies 
for both floods and droughts are consistent 
with the literature, which recommends CSA 
practices such as minimum tillage, mulching, 
intercropping, and improved threshing and 
storage. The pigeon pea value chain could also 
benefit from the development of more effective 
climate services system, early warning systems, 
and agricultural insurance programs (Table 2). 
The two most promising adaptation 
strategies to protect the baobab fruit 
value chain from fluctuation in the rainy 
season are the creation of protected areas, 
to protect trees from deforestation, and 
improved storage and hygiene for baobab 
pulp and seeds. This applies to all stages of the 
value chain. These adaptation strategies are 
consistent with the literature. It is important to 
note further research is necessary about the 
impacts of climate change on baobab trees and 
possible adaptation measures.





Floods • No information; 
pigeon pea 
production involves 
low use of fertilizers 
and pesticides 
• Decreased plant 
growth and yields 
• Potential plant 
mortality
• Temperature and 
humidity pose a risk 
to seed storage and 
quality
• Flooding of storage 
areas











• Intercropping with maize, cassava, and/or cowpeas
• Increase the soil’s organic matter content
Drought • No information • Moisture stress 
during planting, 
potentially leading 
to low germination 
rates and poor seed 
development
• Reduced rainfall during 
maturation, potentially 
reducing yields
• No information • No information 
Magnitude of 
impact




• Introduction of new pigeon pea varieties
• Intercropping with maize, cassava and/or cowpeas
Strategies to mitigate both hazards
Farmers’ coping 
strategies
• Intercropping cassava, pigeon peas, and cowpeas is considered an adaptation strategy to climate 
change by smallholders, as it enables them to maintain cover, increase the soil’s organic matte 




• CSA, for example minimum tillage, mulching, intercropping, and improved threshing and storage




















length of the 
rainy season
• No information/does 
not apply 
• Affects tree’s leafing 
process
• No information • No information
Magnitude of 
impact




• Improving storage and hygiene for baobab pulp or seeds
• Creating protected areas
High 
temperatures11
• May affect seedlings 
for new plantations 
• May affect fruit 
development
• No information • No information
Magnitude of 
impact




• Creating protected areas; this adaptation strategy was identified through the literature review 
Strategies to mitigate both hazards
Farmers’ coping 
strategies
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7. Synthesis and Recommendations
The main hazards expected to affect the 
study area are droughts, floods, and heat 
stress. Climate data show that moisture stress 
will significantly increase in both provinces, with 
Manica being affected mostly in the west, and 
Sofala in the north. Indicators for flooding also 
increase significantly in both provinces, and 
heat stress is an additional, important hazard. 
The number of consecutive days with maximum 
temperature above 35ºC increases significantly 
in both provinces. These hazards were also 
present in the literature, which identified the 
main hazards as drought, floods, and heat 
stress. According to the literature, drought would 
affect both provinces mainly in the north. Floods 
may affect both provinces, in the case of Sofala 
mainly in the north, and in Manica, mainly in the 
south, and temperature may increase by 1.5ºC to 
2.8ºC by 2060 (Genesis Analytics, 2018; MICOA, 
2013). 
Floods and droughts were found to affect 
mainly the pigeon pea value chain. Floods 
are predicted to affect primarily the on-farm 
stage by decreasing plant growth and yields, 
and could lead to plant mortality. Drought is 
also said to affect mainly the on-farm stage. 
The literature identified heat stress as an 
additional hazard that may significantly reduce 
the germination rates of pigeon peas. The most 
promising adaptation practices identified were 
intercropping, increasing the soil’s organic 
matter, and mulching. 
Regarding the baobab fruit value chain, the 
main hazard identified was a decrease in the 
average length of the rainy season, affecting 
mainly the on-farm stage. Baobab trees leaf 
during the rainy season, and the harvest begins 
after the rains have ended; hence, changes in 
rain patterns and prolonged dry seasons may 
affect this process. Additionally, the literature 
suggests increased temperatures as an 
important hazard for this value chain, mainly 
during the on-farm stage, because increased 
temperatures affect fruit development. The most 
promising adaptation strategies for this value 
chain are the creation of protected areas and the 
improved storage and hygiene of baobab pulp 
and seeds. 
Some of these are being implemented with 
the support of international cooperation 
and NGOs. In the pigeon pea value chain, 
CSA practices are being promoted by GIZ, ETG 
and Solidaridad Southern Africa. Additionally, 
research centres such as ICRISAT, IITA and IIAM 
are working on research and on adopting new 
pigeon pea varieties. For the baobab fruit value 
chain, the most important actors are the MICA 
Foundation and BPM; the latter has had an 
impact in the organization of women collectors, 
and in improving their understanding of the 
value chain.
These strategies can help improve producers’ 
income levels, food security, and overall 
well-being. However, more local government 
institutions need to get involved for impacts to 
be long-lasting. For the baobab fruit value chain 
particularly, it is very important to strengthen 
the institutional capacity for the prevention of 
deforestation. Baobab trees have been subject 
to high rates of deforestation, and the tree takes 
up to 22 years to produce fruit. It is crucial to 
protect existing trees. 
Going forward, a variety of opportunities for 
collaboration, funding, and synergies exist for 
these practices (Table 3). Several organizations 
are well positioned to offer general support 
across all potential activities, including:
• Ministry of Agriculture and Rural 
Development
• The Agricultural Development Fund
• The National Institute for Irrigation
• The Ministry of Planning and Development
• The National Statistics Institute (INE)
• Food and Agricultural Organization of the 
United Nations (FAO)
• The World Bank
• Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ)
• International Institute for Tropical Agriculture 
(IITA)
• International Union for Conservation of 
Nature (IUCN)
• International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT)
• Mozambique Institute of Agricultural 
Research (IIAM)
• Export Trading Group (ETG)
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• Green Innovation 
Centres in the 
Agriculture and Food 
Industry 
• Export Trading Group 
(ETG)






• Limited land access and 
land tenure
• Blended finance, 
using public funds 


















• Limited input availability
• Market constraints








• Limited land access and 
land tenure
• Limited input availability
• Blended finance, 
using public funds 












• Poor energy access 






































• Lack of organization
Institutional barriers:**
• Lack of coordinated policy;
• Poor infrastructure
• Public and private 
interests with good 
blended finance 
potential
• Effective water 
management 
reduces erosion 









• Climate Change and 
Gender Action Plan
Institutional barriers: **
• Suboptimal transportation 
networks and processing 
facilities
• Dearth of long-term 
contracts to guarantee 
supplies that enable 
economies of scale
• High potential 
for private sector 
investing
• Best processing 
practices reduce 
losses in storage 



















• Enforcement of regulation
• Balancing livelihood and 
environmental priorities
• Good potential 
for green blended 
finance






** based on literature 
Climate change needs to be integrated to 
agricultural and development policies and 
programs in a comprehensive way in order to 
build resilience within the sector. Additionally, 
it is necessary to strengthen the institutional 
capacity of local authorities in order to provide 
better support for the agricultural sector, and 
also in order to tackle deforestation. 
 
Finally, structural issues need to be 
addressed, including improving access 
to basic needs: for instance, water and 
electricity; information and communication 
technologies like the internet, phones, and 
radio; and road networks. It is also essential 
to develop better commercial policies for the 
pigeon pea and baobab fruit value chains; both 
are largely geared toward export and depend 
on a few markets, especially pigeon peas, which 
depend heavily on the Indian market. 
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